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ABSTRACT: 

PROBLEM TO BE SOLVED: To cut down the threshold value current by a method 
wherein a ridge or mesa around a laser structured electrode made of an N 
containing III-V group compound is etched away to be laminated and buried in 
with the group compound in the smaller effective refractive index in lateral 
direction than that in a current implanted part. 

SOLUTION: An n-type A N buffer layer 2, an undoped GaN optical guide layer 
4, an undoped Ga<SB>0.9</SB>In<SB>0. 1</SB>N active layer 5, an undoped GaN 
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optical layer 6, etc., are formed on a substrate 1 . Next, an undoped A1N layer 
8 to form a mask leaving a specific width region for removing the undoped A1N 
layer by an etching step. Next, an N clad layer 7 is laminated further to form 
an In electrode 9 and Ni/Au electrode 10. By the formation of the A1N layer 8, 
the effective refractive index difference in the lateral direction between a 
current implanted part and a non-implanted part can be increased thereby making 
feasible the single lateral mode oscillation. 
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m^x^h<ox^z&x?zmt&xL%^m 



5cm-', «®3IC*3*t&ia*«2 0 c m-lTftS . S VJ*. TV*-T9)H xm&3 A 0.71 

<c>KtSV>ffimSa&g«80 0cmVV- st, &ffl». hU^f-^T;W5-^A8. 7sccm. T> 

iOttMVO**!/— fffiL^\MM^.mm>l/5X *-72. 5 1/min^UIiO. 

t>&. *^Bou-ifjiA 1 Ncnm>&7f-m8$:m^"c k-ta 1 NJ12 2S:ai-ri>. ry k-ta 1 NJ12 

§<&D. ^^S*t#^«mSg«S**fiT-tl»^-Cfc [0044] #fcg«l 3±tf)A 1 Nfl22tf)±fc. f§ 

S. 4fc, A 1 N£^f ScOiCK^X-yf-y^S-ffl 1 0jum<^«£SLTJ?$ 1 0 0 0A<DS i Oi^ 
V^TVvflrv WCW-ffc LT«)rtaHB**^S < =3r 0 , U *BHb* 9 V&<mto*mBtt>£7Ja: 1 0 

*^L#^«s«®goirFCo^so-e*s. ox:±xuamu l o#faa»<tT^x?±<o7i'F-7 

[00 37] frfc. SiCg«tf>ftb9fcAli03. Z A 1 NJB2 2iW£:"th. •ZWtk* S i Oi~?X?Hi. 

nO. LiA10i^)BHfc!B5S«SrfflV^t,^«*te #U K-7A 1 N«2 2 Sr|^5&Lfeffi« 1 3£-f 

%m$>ti&. iSvxhmxoitto'oiz. man ^y^tix^^mx^ct. x?y-/^>$f& 

(0001) ffi<Offi#^ll-20):frftfctfV^O F F VsXffiUfr 3 . 

SSfcJflWC kP«$tfSa*m*l£ . [0045] £«8iJOffii*S:ff mfvzfiifl) 

[0038] AlN£Ki£^-$<0fc*iMb*y'> 20 T^H-7-AlNB2 2iKiSSn^ffi«R13S:^fl8^ 

S^fc. 'j7y'ttfcA 1 NJf 8£ffi«>i^ ff*70Tor rtf)*5gTjPS*:U *£#H^*TnS 

^*«3i^>ftb0fc:-fc^7r5>f^H«Bi^sfflUTt|p| sic (oooi) m&i3*mim?>mg.*>\'yzb 

m:itmmt>ixz. t-*Ti o 9 o^^-cm^L. wcfrarL-cv^® 

[0039] -fc^7T54yFffiJS£Hl lfcjjcT. p m#A*mm* *4H^£JR9KK. 
S^7«yHa7±(cryK-7 , AlN«8a3Wgja$ [0046] S«l 3tf>Sg£ 1 0 3 0X:£T 

*U £<9AlN)l8ali^J£ii&<0TS^£h-f. € TJf. h!)*+A*f9VA* Y9 **h)VT)V*-*JJ*. 

±<om«s i o »t>m.zti& . z<»£ o snut* zzx mzu y<r»^~7<> 9 . 70. 71, 72 *Mtt+ f 

MMA'yy^AVYm&tihX^h. 30 9*+M99*JJ»2.. 7sccm. h IMfTPTA'S- 

[0040] ($ffi.<r>jm2)m2zm\ l *xwffl?h. «>A8. 7sccm > m-r2. si/min.^ 

^«S«t=:J:*a^atm«®{i»4»Gao.9 I no. jNS ^n^yX^7^y>>A5. 0 sc cmfcK 

ttll7$'ttS^S«13hR«ia^)T>'K-rGa U A 1 NS2 2?)gflaU:gfr»-fc:. plAlo.iGa 

H%#4Ymi8t:ffla?tZ>*T0)2Mtt.mi&<miB. o.8N?5-yK®19£l. 0/imHSU AlGaN 

1 tmiX-bb. Ml 9ifi9 -y^«tC*oytl>— fflBt2 5£§SiIU » 

[ 0 0 4 1 ] 7 > F-7-G a Nfttf-f FJg 1 8 L **ft«*T*-* . 

hy*^#y?AO#X^54 y^WoT*- [0047] *05», *&<0#X{S&5>r y<7>W/0> 

mt. b9 X+lVTArS-VJ** Ty*-7AV*s?u *£§8W. ffi*70To r r<9*5gSPffl$W>-es i C 

yiz^^y^^ft^?^ yov^v? ( o o o 1 ) £K 1 3 wiass: 7 o ot:fci6^L. i ^ 

^^ft. MM**7A'$~tfA8. 7 seem. 40 ST--^^ffV\ pM4>F->ty h-CftS-??"*^ 

^-T2. 5 1 /m i n, y^n^^^X^?/* A*S§ttfl:1-5. 7--;H&7&. S i C ( 0 0 0 1 ) 

i")A5. 0sccm5:SSL. a«0. 1/xhKOpSA fflSl 30iaffi$r^ia*TSL. U— tf«J3&2 

iNa2o^«a-rs. stiftsic (oooi)s«i3-&^r«a^s§«ixt 

[0042] pSA 1 Nl 2 0 ZW3 Lfcft. h U *+ ^^i^^/HK^ISW^I^R 0 UJ-f . 

^T/U S -VJ*<7)><)U7$:mt. Y9*+)Vtf9*;J*^ [0048] fifttW— Tfll®2 5#aJf StutS i C 

ryt-ratfv'^o^y^^xr.^^^^A^ ««i 3fcr*tLt. *Ri 3ISfflfc>f v^A2 3. p 

Xft»^5'fyoK;^69. 71. 72*fflrt > b9X W.A 1 o.aGao.sN^^-y FEl 9<^®fcr^E§ 1 0 0 

f-^T^5x»>A8. 7sccm, 7^-72. 5 1 0A(^7i r M^24^3t > URl 3Ht 

/min. ^o^yl^?ni'W5. 0s b'x-f^l mmt^^LTU-lf 2 6-&^§-tJ:S. 
ccm^gSL. «JP5 00Atf)pSGaNJ121£gyi 50 [ 0 04 9 ] *K&BJ§0. JbEU— f 2 60^tt^OTt 
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1 1 

Alo.2Gao.8N77.yKH 9. 1 5<9*-v UT#£ 

jiixioivcm^ immipmsx/nmAit.iG 

s. 2 50cmVV- sT*Os +MB£&>0>frZ\>* 
pSat^nS^7yH«19. 1 5**Wft3*l"0**. 
2 fc. pMA 1 o. 2Gao. 8N?5<y HE 1 9 fcNi/Au2 

CWSL 1 3 1 >f y^A2 3 fc<^fci*-Att«ftfc&< 

[0050] »:t5l^WNfet*ov^T^s. U—1f<9 

&^fcg«4 1 0 nmt*5. Sftji^JgfcA 1 N®2 

^t^O. a^ri6lOl©»JS*f*ll*«0. lt^<5: 

>K VTti>22%?f>&. *fcW-1f2 6tf)|*igHS 
£115 enr^ :tt^fci$ttSjfBMi2 0cm-i-C* 
5. $^tCU#V^«^afSli80 0cmVV- s 

[0051] w&mv~"f2 6«a i uamviLx-m 
2 2*mrc^&<rrc^ ^g&&#®&x'3>*) . 

[00 52] 7i'K-7AlNl2 2*\ ®S5 
0 0A<0pfflGaNa2 0<^W*"C^*-rS. pIG 
aNJ|21ttX9f^ffjkfffcb?ft<. P&A 1 N 

S2o#iooo A^q^^n-f <3B->-c»* . -r=sr*> 

■fcpSA 1 NJg2 20)1 0 0 OA^jEHtSLT^&O 

[00 5 3] CnfciO. AlGaNll9^AlNf 
2 0fctf)JS*rspil#*$<. AlGaNI19mh5 

UCi. AlGaNfll9<0Tfc. Al NE2 0:WBj£ 

££S-t&£*6£A 1 N«2 OfcEBflrf-SfcWJ: 
[00 54] S iCSfiCOftbOfcrAHOa. Z 

[00 5 5] pMAlN®2 0Oftb l 9tp33A 
l.Gai-.N (Ogx<l)SSrfflV^Ti^ai<tlS**< 



1 2 



%t>tl&. S&fc. A 1 GaNJgl 9^)HS9(CA 1 Nf} 

[0 0 56] (HSt<0^®3) 03 S-fflV vCi»H)ft-S. 
«HSI§«t«t4a^&Vi3J!yi*»^Gao.9 I no. lNJS 

tti 3 1 £tt$x/ea«2 7 tRttmory f-tg a 
N3t^^f 3 2*mmt&tx<Dxm&. mmm 

10 lfc^tT*)S. 

[0057] TyK-^GaNtttf-f KJf3 2£«jgL 

$-«?A8. 7 seem. T> : t—T2. 5 1/min 
£igU BjKl/0*Sr^#. Jl^l. OjunKOT^H- 
T-AlNSi&SatS. 

[oo58] ryK-TAiNa^aau^a. vw* 

[0059]<fcfcfflg27fc:. H5jumOglP£q|rU 
SSlOOOAOSiOi-C-^X^fcU *&4b&y> 
AOt^^+tA^TlOO^TJlfaL. 10# 

iswrryH-rA 1 umzmiLx. a i njucbi 

vx^fcl/Ovfrv^fcOT 
y F-7*a l NJi£|Sfc£L*:g«2 7S-f:t>'fc3i7.T 

[0060] #88&tf>ffi»£fTofcfc. Stf 7^ F-T 
30 AlN^I^*§<l^SS27$-yr^^-74<0+K: 
A*U UT^^-74rt^ffi*j7 0TorrO*5gTSI 
fcU *^HH^+TnSS i C (0001)S«27 

zsmmnmfrwe 6 h-^ 6 7-c 1 o 9 ox: 

4B^£JR9BK. -eoft. S«27OiaS?:103 0 

<r>ijxmk=7^y<n^ivf(>9^ 70. 71, 7 2^§a 

tt. hlUf7l^nj<7A2. 7sccm. hVt+frT 
40 ;P5-^A8. 7sccm. 7^-72. 5 1 /mi 
n, y^n^y^yl-^/^y^AS. Osccm 
SrtliU AlNB^mnafc:. plAU.:Gao.BN? 
9tH«34*1. 0/xmgyit/aitf>atf. 
[0061] AlNB4>fc;AlGaN^5->'Ha34^ 
»fflBS3 8<OSS2 7^. VT??-7 
4mUR*)tii-t. S«2 7K*JL. (i5jumO. P S 
A 1 o. 2Gao.sN^5 v H«343t^gS*lTV^^« 

gf^lOOOAOSiOiTVX^^L. 
U^A^IIW^^^fcAitTlOOiCi-CMfeU. 1 

so otmwTT^F-rAiNss-BtHfe-rs. -eoa. 
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Si02VX?£l4#U T>K-7-AlNJl£|jfc£L 
fc^34£4*>ft$itTV^V*to?*&U *9 

y-)vm^mrom^o. zixtzx*). aig 3 
n;?^ KJf34#y v 5**wsatr>fc«Btjw»wt.*. 

[0062] ^rtaftoa^^fifo^. ^S-H 

Xt>h. TyV-7Altim*milt:mfi.27t:. * 

mtrstgms o o>t»fcA*u o 1 

0-io-TorrtU t^f^D7^7 6fcfi!i9fl- 
tt^fl>tnSSiC (000 1)SR2 7^60 0r* 

[00 63] 2«2 7<Oiag£3 0 0'C&Tr 

ff. 8 0ox:fc:^TJig?fe$n^Mgs<o-feyk78i&ra 

tt. 5X10-7Torr<0b'-A75>y^i&^ai«2 
7 {CjSIt U K-7-M g S 3 5-Cffl«^feV-if 
fii®3 8£3!jtU Ht^Sf 0 j£S$-»TTJ-S. 
« 2 7 £j££&8 0<W\JR 0 OSt. 
[00 64] *<D&. VT7?-74<D#£}J\. 
tf>j!fX«te5>f V WC;P^<D*SrS»t. BE* 7 0 T o r 
rtf)*S«iW»TS i C ( 0 00 1 ) 2£&2 7<0fi£ 
£70 0ttt:gSgU ll^ST--^tfV\ pSOK 

tgl s i c ( o o o i > a«2 7<oiaa$-sa*-cM 
u \s—fmm#imm2tit:s i c ( o o o 1 ) msi 

tat, 

[0065] fifcfcP— mM3 8ffffiM2tl*:S i C 
£«27<C*rLt\ S«#SHfc>fy^A36. P S 
Alo.2Gao.eN^5«yHS34<^fflfc©$1000 
A?>Ni/Au3 7£a»3-«i\ S«2 7£**h*T-f£l 

[0066] *H»0rr«. «W3^(CT> H-TM g 

[0067] *«BB^), ±iE^-1f3 9 <vmmT£ 

Alo.2Gao. 8 N^5yH«34. 2 90)*->rVTm&. 
lilX10 18 /cm3. 1fflimipm.Vn2lAlt.iG 
ao.8N^5«yHS34. 2 9 ZtlZtll 0 c m */V . 
s, 250cmVV- sT*>0, +^fit»<0/h$V^ 
P SfttfniS^7-yKl34. 2 9#tBS3;h.T^S. 

pSAlo.iGao.8N?5>yF)i34fcNi/Au3 
7<«T*-Affl$|fcFSI8iU £*>fc:3SB<0nSSi 
C^R 2 7 b 4 VWh. 36b cDigfci^-AtBgMtf 
JgHl/tt*. 



(8) $£^§¥9-2 32680 

14 

[0068] KtzK&ttffi&lZl^Xi&^Z . P—fO 
ISJI«£<i4 1 OnratW. «46&*J!3 5fc?7 »/ 

3 4 i o tsjf$o/h$^M g smzm^x^&o 
x^$m&&mb&AL%\,^ftb(om?>. m 
[pKomm^mmo . o 5 1 < 0 . #-e?*- 

2 2%-Cftl,. SfcfcU— FOrtS5«£li 5c m-U 
S§fcfcfrt&J&tti2 0cm-rC;fc£. ?^>tcL#V« 
$S$jgli8 0 0cm*/V- si:. ft*i 9»feh.TV» 

10 su— ?<r>L*\y&mmm>\/5X't>h. 

[0069] *mknv-*f\iA 1 Nitawi^Jlfcffl^ 
S. Al N=Sr^*-r^^fc:K7-fx.yf->^ffl 

fc. tsas^ias^soortfiv^T. 

[0070]$ £>fc. y -y i/ttfcM g sJi£»i«>&/Wf 
3tfS5l#*i£>;h.S. ffi«>a*««fc:MgSS:ffl^ 

[0071] (mncojm4) 04. ai2^ffl^-ca 

W»?g«E(C J: £^&tffl?*ZUI*>fe G ao. 9 I 
no. 1 N}gttJ!4 4 $:«3^fflRi:R«fflor> K— 
TGaN^>f YJS4 5&mM1-&£T<r>xnii.. $m 
30 c^®lt^tT*5. 

[007 2] ryK-7-GaN3b5f'f KJl4 5*aJiL 

5-»>A8. 7sccm. T> : E-T2. 5 1/min 
S-JSL. S«l • 0^tm<ory F-7-A 1 N^i&S®-t 
5. T>K-7-AlNJi£«JBU;fc. 
»7 LTS«4 0 £ y T ^ 9- 7 4 <^HdR 0 Hit. 
[0073] <fctcg«4 0fc:iS5)umOiaPS«*SL 
40 X. m*l 0 0 0Atf5SiO2T^X^=&L. Tkfi^bJr 
y*>A^SbK^^fcAitT10 0X:*-W!5L. 1 
O^JHaWTVA:?* LT^=5r^Ty H-TA 1 NJ|£ 

mvmmxmtfto. 

[0074] ■mvicDfcftZft^tiik. mry k-t- 

^-WPj£^§<D«HCAiU SSIrti©]7 0Tor 
r<0*^TSl7tt. *^#ffl»+-CnSS i C ( 0 0 0 

so i ) msL4 o zmmnm&jvys 7 t-^-c 1 
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1 5 

ogora-ctng&u mizttmix^m/fx^m 

1 0 3 OVtTTif . MMf-JWHJ'W^ MM** 

*^J*<TiiJxmk*74 s s<n*A>-rt>9. 7 0. 7 1. 
72$-^ft. H-Mf-A^U**^. 7sccm. MJ 
X1-A>TJ\'$.- lf >J»8. 7sccm. rvt-T2. 5 
l /m in.y^ o-^y 9 yX-;|/7/^yW 5 . 0 
sccmfciSU pSAlo. 2Gao.8N?5 y KB4 6 
Sri. OjLcmgtflU A l NJ14>fcA l GaNfl4 6# 10 

[0075] iKfc. H5/im<OpSAlo.2Gao.8N? 
7 / KB 4 6immZtlX^&ffi&lz^ Jg§ 1 00 OA 

wztMx i o oicifc-cflig&u i oftm*ircT>Y 
-7-a i N«£Bfc*-r*. *<n&. s i otvx^^a 

[0076] wmnmtzn-i-Kik. nxrr> f-t 20 

A 1 Nmim&tlfi:MS.4 0£yT?*-74 
Ail. «^S#rt$-E*7 0TorrO*^-CSS^U 
*^H^+-CnSSiC (0 001)S«4 0*^ 
Wm&AvVyt 7 Zt b-*T 1 0 9 0 t:£Ta«* 

THm< . -e<7)». SIRwaSSr 10 3 0«caTTff . 

hvx+wjvj*. M-M^ta-s^a. ryt 

A>0)rt)V~7b9. 70. 71. 72£gfl»t. MMf- 
)W)*7KZ. 7sccm. hU^f-^T^S-^A 30 
8. 7sccm. Ty^-T2. 5 1/mi n. i^U 
^y ? y'X^V A 5 . 0 s c cmSrgJU p 

MAlo. 3 Gao.7N^7yH«47Sl. OjumSJl 
U AlGaN®4 6£TyK-TAlo.3Gao.7NJf 
4 7Ta»J2X^V— fffii&SSBSL. mmshfc&t: 

[0077] *^0);!fXft*&7>r ><r)rtfr7<r) 

*£§B»t. £E*7 OTo r rtf>*3S?H$W'TS i C 

(0 001)£«40«iag£7 0 0iCtc^£U 11$ 
ST--;PSrffv\ plIttF-'XyhT**'?:/*!^ 40 
T--;H»7«. S i C ( 0 0 0 1 ) 

s«4 ortrnzumx-mh. u~wm4 smm 

SflfcSiC (0 001)»R4 0-&UT^^-74cr) 

[0078] «*fcl^~ f «3£5 Oj&qgjgSiTJtS i C 
g«40fc*H/C. ^5 0385^^*^48. p 
3SA 1 0.2G a0.8N?5-y KE4 6«DfiHfc®3 10 0 
OAtf>Ni/Au4 9£3&2f3-fr. S«4 0£*+tT-f£ 

[0079] *»bjj<d, ±SW-f^tt2-WTfc^. 50 
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1 6 

h. t-rmsmmiz^xm^i. PiatfnSAi 

o.iGao.«N?7'yHl46 < 4 2<D*vO T®mtl 
Xl0i«/cm3. ^glipSat^nSAlo.sGa 
o.bN?77 KS46. 42-5-il-eill Ocm'/V • 
s. 250cmVV- s?t>*).-i^mm<D>l^ 
pSS^nM^5-/H«4 6. 4 2*'S!&§;tVO>S. 
tfc. pSA lo.2Gao.sN^5>y KS46tNi/Au4 
9<9faT*-Afiffi8tt#^5iU S^fcgffl<OnS!Si 

ca«4 o t a >*j*7 A4 8 bomztt-Ammtf 
[0080] ^(caK^wmttcov^^s . u~ »to 

3BlSfcgli4 1 0 nmt&S. ffl*>)i*Jl4 7(^5 v 
KJf 4 6 i D 1 JS*f$^/hS^A 1 o. 3 G ao. 7 NJI£ffl 

fS<0. «t«T|6lOS©»JB*f^i*fo - 05fc*#<=3r9. 

v%m*mmt& . ti&m<omm&y oy 
K V7bi>22%T$>h. tfcis-vitvmmte 

5cm-'. ftgjgfc:^ft6Jaiiyi2 0cm-'-CA&. 3 
e>£L$^m9fimmt800cm*/V ■ si:. 13!* 

j: vmnx^t ^mmssm&m 1 /sx 

[0081] *^BHtf51^— «ftt. A 1 GaNtf)«tf>&* 
JfS-fflV^TV^cDT. «SSEK^*'§^-C*. I 5. fiG*^ 

&<ryX-*>h. tti. y^-mThtA 1 NSr^*-f &<n 

kroKW&WX-hh. 

[0082] WtoSl&mX'tihA l GaN«4 7li. A 
lGaNa46i0tAl COffljS^^ <®^*'/h$ 
IfVO-C. l^-1f36*>AlGaNS4 6^'\ffll:ji«>^ 

[0083] (Httojg®5 ) i-ffitJ{=^«}i«Sfc:J: 
5ft»atm3(!HS-tt$il. nlS i C ( 0 0 0 1 ) g 

74rttcciA-r6. 

[0084] ^fcjS^SrtS-E* 7 OTo r r<r>*mx 
fflfcL. *«tm^«f XnMS i C (0001)S«5 
1 fca^fltf^fii*/^ 6 6rfch-^67T1090 

*$H^£JR9RIK. -f-^SiC (0001)S«5 

i<oiass-54omTW. hu^/pr^sx^ 

A. Ty^XT. >-5y<0^X«|&5>fy<Dy^^7 
0. 7 1. 72£IS«\ M;^f-^T/P5x»>A5. 5 
seem. Ty*XT2. 51/min. ^5^12. 
5sccmiSriiSL. nlA 1 NA*.y7ri5 2S3 0 0 

[0085]ifcfcJiJi4 14A<OnMAlN53. mm 
3 5 5 Aco nSA 1 o. 2 G ao. s N 5 4 2 0 Urts 
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nSAlN530Jf®$-4 14A. n Ottft&ftfcnMS i C ( 0 0 0 1 ) WsL5 1 Z 6 0 0 

SAlo.2Gao.8N54<OJf^£3 5 5Afc:fcStf>te. *C*TMfcU Sffifcff^LTl^SmtfX^ftifia. 

*n«WWJW» SrtTO^jgj*^) 1/4 TS> 0 . *4H^£JR')liJK . W&0)WIZ 3 0 O^C* 

mmxm.-ti i»-v%£m-t>8Mtmn t m:£%& *ctw. 8 o orta Tme&siifcM g m g s e 

frhT&Z. nSGaNA-/7r®5 2SSSL)t^ <0-fe^78. 79£P§ft. *lV?ft.£2fc5 X 1 0-7T 
SiC (0001)a«51<Di&££l03 0r:a-C± orrOtWx:75>y?X£2«51fc!B3tU BJI4 
If. MMf-^T/l^-^A. ry^-T. i/yywtf 00AOpSMgS6 0. H@3 5 0Atf)pS!MgSe 

Xift&^ytfV'CyPT'TO. 7 1. 72£IB»t. MJ* 6 1 ££5tC2 0@f$9jRLTfPSU pI$5-M 6 
W;^-W8. 7sccm, 7>t-72. 5 1 10 S/MgS e 6 2££B§U Wtfl&fI.Jfcg£>fcT$-&. 

/min. ^12. 5sccm£aU niAIN -f tf>ftafi[8 0<Of\^M*)^. 
m#i4 14Ammth. SfchWfM'JW. h [0089] SiC (0001) 26K5 1 Sr^f-^sflX 0 Jti 
'J^^T^S-^A. Ty*-T. S"?ye>#Xtttt BSl O^tm^X^^iWt, J?3 1 0 0 OA 

74 ><7>W76 9 . 7 0. 71. 72 £gi§ft. MM (OS i fcj&vfctfS . <e<0&&«5 1 o 

2. 7sccm. HJ*f-/PT/l/$-»>A A^'JWJfflV^tS i 02-?X?£fefc£Ttvfr») 

8. Tsccm, 7^-72. 5 1/min. S^plMg S/MgS e $7-6 2%-tKXM*)Mi 

1 2. 5sccm$aU nMAlo.iGao.8Ng54 <. 

Sr355Aae-T5. £<DngA 1 NS 5 3 1 nlA 1 [0090J J^fcU-^«3a*qB)l;3*Ut S i C (0 

0. 2.ao.8NJf 54i:££Sfc:20|51ii»)i£LTlft£ 001) S«5 lfcttLT. 2££5 im®tz4 
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Notes: 
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CLAIMS 
[Claim(s)] 

[Claim 1] Silicon on sapphire and the double hetero structure which consists of lll-V group 

compounds containing N produced on said silicon on sapphire, The electrode produced on 

said double hetero structure, and the ridge or mesa structure produced by etching the 

surroundings of an electrode, The semiconductor light emitting device characterized by having 

the embedded structure which laminated the side of said ridge or mesa structure with the lll-V 

group compound containing N smaller than the effctive index of said double hetero structure. 

[Claim 2] The semiconductor light emitting device according to claim 1 characterized by using 

SiC, Si, ZnO, or an oxide substrate substrate instead of silicon on sapphire. 

[Claim 3] Silicon on sapphire and the double hetero structure which consists of lll-V group 

compounds containing N produced on said silicon on sapphire, The electrode produced on 

said double hetero structure, and the ridge or mesa structure produced by etching the 

surroundings of an electrode, The semiconductor light emitting device characterized by having 

the embedded structure which laminated the side of said ridge or mesa structure with the ll-VI 

group compound smaller than the effctive index of said double hetero structure. 

[Claim 4] The semiconductor light emitting device according to claim 3 characterized by using 

SiC, Si, ZnO, or an oxide substrate substrate instead of silicon on sapphire. 

[Claim 5] Silicon on sapphire and the double hetero structure which consists of lll-V group 

compounds containing N produced on said silicon on sapphire, The semiconductor light 

emitting device characterized by having the electrode produced on said double hetero 

structure, the self aligned structure produced by etching an electrode section, and the 

embedded structure which the side of said self aligned structure becomes from AIN. 

[Claim 6] The semiconductor light emitting device according to claim 5 characterized by using 

SiC, Si, ZnO, or an oxide substrate substrate instead of silicon on sapphire. 

[Claim 7] Silicon on sapphire and the double hetero structure which consists of lll-V group 
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compounds containing N produced on said silicon on sapphire, The electrode produced on 
said double hetero structure, and the self aligned structure which etched the electrode section 
and formed on it the layer which consists of an lll-V group compound containing N, The 
semiconductor light emitting device characterized by the side of said self aligned structure 
having the embedded structure which consists of AIN. 

[Claim 8] The semiconductor light emitting device according to claim 7 characterized by using 
SiC, Si, ZnO, or an oxide substrate substrate instead of silicon on sapphire. 
[Claim 9] Silicon on sapphire and the double hetero structure which consists of lll-V group 
compounds containing N produced on said silicon on sapphire, The electrode produced on 
said double hetero structure, and the self aligned structure which etched the electrode section 
and formed on it the current injection layer which consists of an lll-V group compound 
containing N, The semiconductor light emitting device to which the side of said self aligned 
structure is characterized by having the embedded structure formed an AIN layer and on it 
from the layer which consists of an lll-V group compound containing N which has the same 
composition as said current injection layer. 

[Claim 10] The semiconductor light emitting device according to claim 9 characterized by using 
SiC, Si, ZnO, or an oxide substrate substrate instead of silicon on sapphire. 
[Claim 11] Consist of lll-V group compounds containing N produced on silicon on sapphire. 
AIN of the portion which laminates Si02 into the portion which sees from an active layer and 
does not pour in the current of said double hetero structure about the double hetero structure 
where the cladding layer of a substrate and the opposite side is AIN and by which said Si02 
are not laminated using etching is removed. The manufacture method of the semiconductor 
light emitting device which is made to carry out crystal growth of the lll-V group compound 
containing N to the portion from which the AIN was removed, and is characterized by 
producing the semiconductor light emitting device which has embedding hetero structure. 
[Claim 12] The manufacture method of the semiconductor light emitting device according to 
claim 1 1 characterized by using SiC, Si, ZnO, or an oxide substrate substrate instead of silicon 
on sapphire. 

[Claim 13] The manufacture method of the semiconductor light emitting device according to 
claim 1 1 characterized by using oxides, such as AI203, for the portion which does not pour in 
current instead of Si02. 

[Claim 14] The manufacture method of the semiconductor light emitting device characterized 
by performing wet etching with alkaline aqueous solutions, such as a potassium hydroxide, 
removing said AIN. 

[Claim 15] The laser structure which consists of lll-V group compounds containing aluminum 
and N, Oxides, such as Si02 or AI203, are laminated into the current injection portion by the 
side of an lll-V group compound. The manufacture method of the semiconductor light emitting 
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device characterized by forming a ridge or mesa structure by carrying out wet etching of the 
portion by which said oxide is not laminated with alkaline aqueous solutions, such as a 
potassium hydroxide. 

[Claim 16] The semiconductor light emitting device characterized by having the embedded 
structure which contains the layer which sandwiched the layer with a thickness of 1000A or 
less which consists of GaN silicon on sapphire, the double hetero structure which consists of 
lll-V group compounds containing N produced on silicon on sapphire, and in an AIN layer. 
[Claim 17] The semiconductor light emitting device according to claim 16 characterized by 
having surface-emitting type laser structure instead of the double hetero structure which 
consists of lll-V group compounds containing said N. 

[Claim 18] Consist of lll-V group compounds containing N produced on silicon on sapphire and 
said silicon on sapphire. [ see from an active layer and / structure / where the cladding layer of 
a substrate and the opposite side is AIN / double hetero ] A layer with a thickness of 1000A or 
less which consists of GaN is inserted into said AIN layer. AIN of the portion which laminates 
Si02 into the portion which does not pour in the current of double hetero structure and by 
which said Si02 are not laminated using etching is removed. The manufacture method of the 
semiconductor light emitting device which is made to carry out crystal growth of the lll-V group 
compound containing N to the portion from which the AIN was removed, and is characterized 
by producing the semiconductor light emitting device which has embedding hetero structure. 
[Claim 19] The manufacture method of the semiconductor light emitting device according to 
claim 18 characterized by using oxides, such as AI203, for the portion which does not pour in 
current instead of Si02. 

[Claim 20] The manufacture method of the semiconductor light emitting device according to 
claim 18 characterized by performing wet etching with alkaline aqueous solutions, such as a 
potassium hydroxide, removing said AIN. 

[Claim 21] The manufacture method of the semiconductor light emitting device according to 
claim 18 characterized by carrying out to surface-emitting type laser structure instead of the 
double hetero structure which consists of lll-V group compounds containing said N. 
[Claim 22] Consist of lll-V group compounds containing N produced on silicon on sapphire and 
said silicon on sapphire. [ see from an active layer and / structure / where the cladding layer of 
a substrate and the opposite side is AIN / double hetero ] Si02 are laminated into the portion 
which pours in the current of said double hetero structure. AIN of the portion by which said 
Si02 are not laminated using etching is removed. Crystal growth of the lll-V group compound 
containing N is carried out to the portion from which the AIN was removed. After removing 
Si02, Si02 are shortly laminated into the portion which pours in the current of said double 
hetero structure. AIN of the portion by which said Si02 are not laminated using etching is 
removed. The production method of the semiconductor light emitting device which is made to 
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carry out crystal growth of the lll-V group compound containing N with a larger refractive index 
than the lll-V group compound containing said N to the portion from which the AIN was 
removed, and is characterized by producing the semiconductor light emitting device which has 
embedding hetero structure. 

[Claim 23] The manufacture method of the semiconductor light emitting device according to 
claim 22 characterized by performing wet etching with alkaline aqueous solutions, such as a 
potassium hydroxide, removing said AIN. 

[Claim 24] [ see from an active layer and / structure / where the cladding layer of a substrate 
and the opposite side is AIN / double hetero ] A layer with a thickness of 1000A or less which 
consists of GaN is inserted into said AIN layer. The manufacture method of the semiconductor 
light emitting device according to claim 22 characterized by removing AIN of the portion which 
laminates Si02 into the portion which does not pour in the current of double hetero structure, 
and by which said Si02 are not laminated using etching. 

[Claim 25] The manufacture method of the semiconductor light emitting device according to 
claim 22 characterized by carrying out to surface-emitting type laser structure instead of the 
double hetero structure which consists of lll-V group compounds containing said N. 
[Claim 26] The production method of the semiconductor light emitting device according to 
claim 22 characterized by making reverse sequence of carrying out crystal growth of the lll-V 
group compound containing N to the portion to etch to the crystal growth of the lll-V group 
compound containing N to the portion which is not etched. 

[Claim 27] The manufacture method of the semiconductor light emitting device according to 
claim 26 characterized by carrying out'to surface-emitting type laser structure instead of the 
double hetero structure which consists of lll-V group compounds containing said N. 
[Claim 28] The semiconductor light emitting device characterized by having undoping or the p 
type mirror constituted by the laminating structure of an ll-VI group compound semiconductor 
in the surface-emitting type laser structure which consists of an lll-V group compound which 
was produced on silicon on sapphire and said silicon on sapphire, and containing N. 
[Claim 29] The semiconductor light emitting device according to claim 28 characterized by 
being constituted by the laminating structure of MgS and MgSe in said undoping or a p type 
mirror. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light emitting device which consists of an 

lll-V group compound containing N. 

[0002] 

http://dossierl.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fdossierl%2E 11/16/07 



• JP,09-232680,A(1997) [CLAIM + DETAILED DESCRIPTION] 



Page 5 of 14 



[Description of the Prior Art] As a key device of next-generation high-density information 
processing technique, the lll-V group compound semiconductor in which short-wavelength- 
izing of laser is possible and containing N is capturing the spotlight. 
[0003] The structure shown in drawing 9 is known as laser structure which consists of lll-V 
group compound semiconductors which contain N conventionally. The cavity length of this 
structure is 0.5mm in 1mm and stripe width, and the active layer is characterized by having the 
double hetero structure which is MQW structure. Oscillation wavelength [ of 410nm ], threshold 
voltage 40V, threshold current 20A, and threshold current density 4kA/cm2 and duty 0.1% of 
the room temperature pulse oscillation is realized according to this structure. 
[0004] moreover, as surface emission-type laser (Surface-Emitting Laser, omitting SEL) 
structure which consists of an lll-V group compound containing N conventionally Structure as 
shown in drawing 10 is known (Tohru Honda et.al.;Japan Jounal of Applied Physics Vol.34 
(1995) pp.3527-3532). 

[0005] Moreover, the method of performing dry etching and forming a current injection layer 
before re-growth, as technology of manufacturing the SEL structure or laser structure which 
consists of an lll-V group compound which contains N as shown in drawing 9 and drawing 10 
conventionally, is adopted. 
[0006] 

[Problem to be solved by the invention] There were two next problems in the technology about 
the laser structure which consists of lll-V group compound semiconductors containing N. 
[0007] As for laser structure as shown in above-mentioned drawing 9 , stripe width became at 
0.5mm, in a current stricture, threshold current became difficult therefore very greatly with 20A, 
and the 1st was difficult for the room temperature continuous oscillation of laser. 
[0008] Laser structure as shows above-mentioned drawing 9 the 2nd has wide stripe width at 
0.5mm, and lateral refractive index difference does not attach it, and it cannot perform 
transverse-mode control. Therefore, the single transverse-mode oscillation as laser for light 
information record / reproduction was unrealizable. 

[0009] Moreover, there were two next problems in the technology about the surface emission- 
type laser structure which consists of lll-V group compound semiconductors containing the 
aforementioned N. 

[0010] the 1st must raise growing temperature from room temperature to 1000 degrees C or 
more, when the SEL structure which consists of an lll-V group compound containing N as 
shown in above-mentioned drawing 10 produces a mirror by crystal re-growth - therefore, heat 
■- there was a problem that crystalline degradation depended distorted arose. 
[0011] When InxGal-xN is used the 2nd for an active layer about the SEL structure which 
consists of an lll-V group compound containing N as shown in above-mentioned drawing 10 , 
in order to raise to the growing temperature of 1000 degrees C or more in the case of crystal 
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re-growth, there was a problem that desorption of In of an active layer occurred easily. 
[0012] Then, this invention realizes eye current stricture and single transverse-mode closed 
****, and aims at threshold current offering the semiconductor light emitting device which 
consists of lll-V group compounds containing N lower than before. 
[0013] 

[Means for solving problem] In order to solve the above-mentioned technical problem, 
production of the laser structure of this invention or SEL structure is performed by an organic 
metal gaseous-phase epitaxy SHARU grown method using the organic metal gaseous-phase 
epitaxy SHARU equipment shown in drawing 6 . 

[0014] Moreover, when manufacturing the laser structure of this invention, crystal growth of an 
ll-VI group compound is performed by molecular beam epitaxy using the molecular-beam- 
epitaxial-growth equipment shown in drawing 7 . 

[0015] Then, this inventor devised the technology shown in (1) - (6) below as technology of 
manufacturing the laser structure and it which consist of an lll-V group compound containing 
N. 

[0016] (1) Etch the surroundings of the electrode of the laser structure which consists of an III- 
V group compound containing N on a ridge or MESA, laminate with the lll-V group compound 
whose lateral effctive index is smaller than the portion which injects current into the etched 
portion and containing N, and give an embedded structure. By doing so, a current stricture is 
realized and threshold current falls. Furthermore, since a lateral effctive-index difference 
arises, eye single transverse-mode closed **** is realized. 

[0017] (2) Laminate with the ll-VI group compound whose lateral effctive index is smaller than 
the portion which etches the surroundings of the electrode of the laser structure which consists 
of an lll-V group compound containing N on a ridge or MESA, and injects current into the 
etched portion, and give an embedded structure. By doing so, a current stricture is realized 
and threshold current falls. Furthermore, since a lateral effctive-index difference arises, eye 
single transverse-mode closed **** is realized. Moreover, an ll-VI group compound has 
growing temperature as low as 400 degrees C or less, and desorption of In of an active layer 
does not take place at the time of re-growth. 

[0018] (3) Produce the p type clad layer of the laser structure which consists of an lll-V group 
compound containing N by AIN, and give the lateral effctive-index difference between the 
portion which etches and has self aligned structure of the AIN of an electrode section, and 
pours in current, and the portion which is not poured in. By doing so, a current stricture is 
realized and threshold current falls. Moreover, eye single transverse-mode closed **** is 
realized. 

[0019] (4) Produce the p type clad layer of the laser structure which consists of an lll-V group 
compound containing N by AIN. AIN of an electrode section is etched and the lateral effctive- 
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index difference between the portion which carries out crystal growth of the layer which 
consists of an lll-V group compound containing p type N, has self aligned structure, and pours 
in current on it, and the portion which is not poured in is given. By doing so, a current stricture 
is realized and threshold current falls. Moreover, eye single transverse-mode closed **** is 
realized. 

[0020] (5) The above (1) The oxide of Si02 grade is laminated as a mask as a method of 
manufacturing the laser structure or SEL structure of - (4) into the portion which does not pour 
in current probably, and the cladding layer of a substrate and the opposite side is removed, in 
view of the active layer of the portion which pours in current using etching. The mask of Si02 
grade is removed by etching of an aqua regia etc. after that, crystal growth of the lll-V group 
compound containing N is carried out, and semiconductor laser with embedding hetero 
structure is produced. If AIN is especially used for the cladding layer of a substrate and the 
opposite side, AIN is removable with an alkaline aqueous solution like a potassium hydroxide 
(J. R.Mileham.et.al.;Appl.Phys.Lett.67(1995) 1119). Furthermore, the large refractive index 
difference of AIN of the portion which does not pour in current, and the p type clad layer of a 
portion which pours in current can be taken. Then, when performing dry etching, worries about 
crystalline degradation by using the halogen gas accelerated by several 100eV disappear. 
[0021] (6) Put a 1000A or less-thick GaN layer into the regular position in an AIN layer to the 
laser structure of the above (6) containing especially an AIN layer. Then, it becomes possible 
to be able to etch an AIN layer to predetermined thickness with an alkaline aqueous solution 
like a potassium hydroxide, to control the layer thickness of the embedded layer at the time of 
producing an embedded structure, and to produce single transverse-mode closed **** laser 
with the sufficient yield. 
[0022] 

[Mode for carrying out the invention] It explains referring to Drawings about the semiconductor 
light emitting device and its manufacture method of this invention. 
[0023] (Form 1 of operation) It explains, referring to drawing 1 , drawing 6 , and drawing 8 . 
The n type SiC (0001) substrate 1 which performed washing and the pretreatment by an 
organic solvent first is placed on the substrate holder 66 made from carbon, and it supplies in a 
reactor 67. 

[0024] Next, the inside of a reactor 74 is filled with hydrogen of pressure 70Torr, the n type SiC 
(0001) substrate 1 is heated to 1090 degrees C at a heater 67 the whole substrate holder 66 
made from carbon in a hydrogen atmosphere, and the adsorption gas adhering to the surface, 
an oxide, a moisture child, etc. are removed. The temperature of n type SiC (0001) substrate 1 
** is lowered to 540 degrees C after that. The bulbs 70, 71 , and 68 of trimethyl aluminum, 
ammonia, and the gas supply line of Silang are opened, trimethyl aluminum 5.5sccm, 
ammonia 2.5l./min, and Silang 12.5sccm are passed, and 300A of n type AIN buffer layers 2 
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are laminated. 

[0025] After laminating n type AIN buffer layer 2, the temperature of the n type SiC (0001) 
substrate 1 is raised to 1030 degrees C. The bulbs 69, 70, 71, and 68 of trimethylgallium, 
trimethyl aluminum, ammonia, and the gas supply line of Silang are opened. Trimethylgallium 
2.7sccm, trimethyl aluminum 8.7sccm, ammonia 2.5 l/min, and Silang 12.5sccm are passed, 
and n type aluminumof 1 .5 micrometers of layer thicknessO.2GaO.8N3 are laminated. 
[0026] After laminating n type aluminumO.2GaO.8N3, trimethyl aluminum and the gas supply 
lines 70 and 68 of Silang are closed. The bulbs 69 and 71 of trimethylgallium and the gas 
supply line of ammonia are opened, trimethylgallium 2.7sccm, and ammonia 2.5l./min are 
passed, and 1000A of undoping GaN light guide layers 4 are laminated. 
[0027] After laminating the undoping GaN light guide layer 4, the temperature of the n type SiC 
(0001) substrate 1 is lowered to 680 degrees C. The bulbs 69 and 73 of trimethylgallium and 
the gas supply line of trimethylindium are opened, trimethylgallium 2.7sccm, trimethylindium 
27sccm, and ammonia 10l./min are passed, and 100A of undoping Ga0.9ln0.1N active layers 
5 are laminated. 

[0028] After laminating 100A of undoping Ga0.9ln0.1N active layers 5, Close the bulb 73 of the 
gas supply line of trimethylindium, and the temperature of the n type SiC (0001) substrate 1 is 
raised to 1030 degrees C. The bulbs 69 and 71 of trimethylgallium and the gas supply line of 
ammonia are opened, trimethylgallium 2.7sccm, and ammonia 2.5l./min are passed, and 
1000A of undoping GaN light guide layers 6 are laminated. 

[0029] After laminating the undoping GaN light guide layer 6, the bulb 69 of the gas supply line 
of trimethylgallium is closed. The bulbs 70 and 71 of trimethyl aluminum and the gas supply 
line of ammonia are opened, trimethyl aluminum 8.7sccm and ammonia 2.5 l/min are passed, 
and undoping AIN layer 8 of 1 .0 micrometers of layer thickness is laminated. 
[0030] After laminating undoping AIN layer 8, growth is once ended and a substrate 1 is taken 
out besides a reactor 74. 

[0031] Next, it leaves a 5-micrometer-wide field to a substrate 1, and a mask is carried out by 
1000-A-thick Si0281, and it puts in into the saturated water solution of a potassium hydroxide, 
heats to 100 degrees C, it applies for 10 minutes, and undoping AIN layer 8 is removed. Then, 
Si0281 mask is removed, it rinses with the pure water which is not having the substrate 1 
which removed undoping AIN layer 8 ionized, and the organic substance, such as a methanol, 
washes. 

[0032] After washing the organic substance, the substrate 1 again removed in undoping AIN 
layer 8 is put in into a reactor 74. The inside of a deposition chamber 74 is filled with hydrogen 
of pressure 70Torr, the n type SiC (0001) substrate 1 is heated to 1090 degrees C at a heater 
67 the whole substrate holder 66 made from carbon in a hydrogen atmosphere, and the 
adsorption gas adhering to the surface, an oxide, a moisture child, etc. are removed. To 1030 
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degrees C, lower the temperature of a substrate 1 and Then, trimethylgallium, The bulbs 69, 
70, 71, and 72 of trimethyl aluminum, ammonia, and the gas supply line of magnesium 
cyclopentadienyl are opened. Trimethylgallium 2.7sccm, trimethyl aluminum 8.7sccm, 
Ammonia 2.5l./min, and magnesium cyclopentadienyl 5.0sccm are passed, 1.0 micromet ers of 
p type aluminum0.2Ga0.8N cla dd ing layers 7 a re laminated, the laser structure 11 which 
embedded AIN layer 8 in the shape of a ridge is manufactured, and crystal growth is ended. 
[0033] Then, only the bulb of the gas supply line of hydrogen is opened, the temperature of the 
SiC (0001) substrate 1 is set as 700 degrees C in the hydrogen atmosphere of pressure 
70Torr, an annealing is performed for 1 hour, and magnesium which is a p type dopant is 
activated. The temperature of the SiC (0001) substrate 1 is returned to room temperature after 
the end of an annealing, and the SiC (0001) substrate 1 by which the laser structure 1 1 was 
laminated is taken out out of a metal organic vapor phase epitaxial growth system. 
[0034] To SiC substrate 1 by which the laser structure 11 was finally laminated, the substrate 1 
back is made to vapor-deposit lOOQ^thick nickel and gold 10 on the surface of an indium 9 
and the p type aluminum0.2Ga0.8N cladding layer 7, the cleavage of the substrate 1 is carried 
out to the cavity length of 1mm, and the semiconductor laser 12 is completed. 
[0035] The property of the above-mentioned laser 12 of this invention is described below. An 
electrical property is described first. The carrier density of a p type and the n type 
aluminum0.2Ga0.8N cladding layers 3 and 7 1x1018-/cm3 and mobility A p type and the n type 
aluminum0.2Ga0.8N cladding layer 3, 7of 10cm of each 2A/-S, It is 250cm2/V-s and a p type 
and the n type clad layers 3 and 7 with small enough resistivity are manufactured. Moreover, 
ohmic contact was realized among p type aluminum0.2Ga0.8N cladding layer 7 and 
Au/nickel10, and ohmic contact is further realized also between n type SiC substrate 1 on the 
back and an indium 9. 

[0036] Next, an optical property is described. The oscillation wavelength of laser is 410nm. 
Since AIN layer 8 is used for the embedded layer, the lateral effctive-index difference between 
the portion which pours in current, and the portion which is not poured in becomes large with 
0.1, and a single transverse-mode oscillation is realized. The reflection factor of an end face 
also of a front and rear ** is 22%. Moreover, loss [ in / in the internal loss of laser / 5cm-1 and a 
resonator] is 20cm-1. Furthermore, threshold current density is 1/5 of the threshold current 
density of 800cm2/V-s and the laser known from before. Since the laser of this invention uses 
the embedded layer 8 of AIN, a current stricture is easy, a current spread in a p type or a n 
type clad layer becomes small compared with conventional laser #, and, as a result, threshold 
current density falls. Moreover, since dry etching is not used for removing AIN, the internal loss 
as laser becomes small, and it leads to the fall of threshold current density. 
[0037] In addition, the same result is obtained even if it uses the oxide substrate of AI203, 
ZnO, and LiAI02 grade instead of a SiC substrate. Moreover, the same result is obtained even 
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if the plane direction of a field uses just the OFF substrate which inclined in the [1 1-20] 
direction instead of a substrate, for example (0001 ). 

[0038] Moreover, although the potassium hydroxide was used for removing AIN, the same 
result is obtained even if it uses a sodium hydroxide. Furthermore, the same result is obtained 
even if it adopts self aligned structure instead of the structure which embedded AIN layer 8 in 
the shape of a ridge. 

[0039] Self aligned structure is shown in drawing 11 . Undoping AIN layer 8a is formed on the p 
type clad layer 7, since this AIN layer 8a is high resistance, current does not flow, but current is 
poured in from the electrode 10 on the field in which undoping AIN layer 8a is not formed. Such 
structure is read with self aligned structure here. 

[0040] (Form 2 of operation) It explains using drawing 2 . The process until it laminates the 
undoping GaN light guide layer 18 of a substrate 13 and the opposite side on both sides of the 
Ga0.9ln0.1N active layer 17 from washing by an organic solvent and a pretreatment is the 
same as the form 1 of operation. 

[0041] After laminating the undoping GaN light guide layer 18, the bulb of the gas supply line of 
trimethylgallium is closed. The bulb of trimethyl aluminum, ammonia, and the gas supply line of 
magnesium cyclopentadienyl is opened. Trimethyl aluminum 8.7sccm, ammonia 2.5 l/min, and 
magnesium cyclopentadienyl 5.0sccm are passed, and p type AIN layer 20 of 0.1 micrometer 
of layer thickness is laminated. 

[0042] After laminating p type AIN layer 20, the bulb of trimethyl aluminum is closed. The bulbs 
69, 71, and 72 of trimethylgallium, ammonia, and the gas supply line of magnesium 
cyclopentadienyl are opened. Trimethyl aluminum 8.7sccm, ammonia 2.5 l/min, and 
magnesium cyclopentadienyl 5.0sccm are passed, and the p type GaN layer 21 of 500A of 
layer thickness is laminated. 

[0043] After laminating the p type GaN layer 21 , the bulb 72 of trimethylgallium and the gas 
supply line of magnesium cyclopentadienyl is closed. The bulbs 70 and 71 of trimethyl 
aluminum and the gas supply line of ammonia are opened, trimethyl aluminum 8.7sccm and 
ammonia 2.5 l/min are passed, and undoping AIN layer 22 of 0.9 micrometer of layer thickness 
is laminated. After laminating undoping AIN layer 22, growth is once ended and a substrate 13 
is taken out besides a reactor 74. 

[0044] Next, on AIN layer 22 on a substrate 13, it leaves a 10-micrometer-wide field and a 
mask is carried out by 1000-A-thick Si02, and it puts in into the saturated water solution of a 
potassium hydroxide, heats to 100 degrees C, it applies for 10 minutes, and undoping AIN 
layer 22 on a mask is removed. Then, Si02 mask is removed, it rinses with the pure water 
which is not having the substrate 13 which removed undoping AIN layer 22 ionized, and the 
organic substance, such as a methanol, washes. 

[0045] After washing the organic substance, the substrate 13 again removed in undoping AIN 
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layer 22 on a mask is put in into a metal organic vapor phase epitaxial growth system. The 
inside of a deposition chamber is filled with hydrogen of pressure 70Torr, the n type SiC (0001) 
substrate 13 is heated to 1090 degrees C at a heater the whole substrate holder made from 
carbon in a hydrogen atmosphere, and the adsorption gas adhering to the surface, an oxide, a 
moisture child, etc. are removed. 

[0046] To 1030 degrees C, lower the temperature of a substrate 13 and Then, trimethylgallium, 
The bulbs 69, 70, 71, and 72 of trimethyl aluminum, ammonia, and the gas supply line of 
magnesium cyclopentadienyl are opened. Trimethylgallium 2.7sccm, trimethyl aluminum 
8.7sccm, Ammonia 2.5l./min, and magnesium cyclopentadienyl 5.0sccm are passed. 1.0 
micrometers of p type aluminum0.2Ga0.8N cladding layers 19 are laminated, and into the 
portion in which AIN layer 22 carried out the opening, the AIGaN layer 19 manufactures the 
laser structure 25 which became ridge-like, and ends crystal growth into it. 
[0047] Then, only the bulb of the gas supply line of hydrogen is opened, the temperature of the 
SiC (0001) substrate 13 is set as 700 degrees C in the hydrogen atmosphere of pressure 
70Torr, an annealing is performed for 1 hour, and magnesium which is a p type dopant is 
activated. The temperature of the SiC (0001) substrate 13 is returned to room temperature 
after the end of an annealing, and the SiC (0001) substrate 13 by which the laser structure 25 
was laminated is taken out out of a metal organic vapor phase epitaxial growth system. 
[0048] To SiC substrate 13 by which the laser structure 25 was finally laminated, the substrate 
13 back is made to vapor-deposit 1000-A-thick nickel and gold 24 on the surface of an indium 
23 and the p type aluminum0.2Ga0.8N cladding layer 19, the cleavage of the substrate 13 is 
carried out to the cavity length of 1mm, and laser 26 is completed. 

[0049] The property of the above-mentioned laser 26 of this invention is described below. An 
electrical property is described first. The carrier density of a p type and the n type 
aluminum0.2Ga0.8N cladding layers 19 and 15 1x1018-/cm3 and mobility A p type and the n 
type aluminum0.2Ga0.8N light guide layer 19, 15of 10cm of each 2A/-S, It is 250cm2A/-s and a 
p type and the n type clad layers 19 and 15 with small enough resistivity are manufactured. 
Moreover, ohmic contact was realized among p type aluminum0.2Ga0.8N cladding layer 19 
and nickel/Au24, and ohmic contact is further realized also between n type SiC substrate 13 on 
the back and an indium 23. 

[0050] Next, an optical property is described. The oscillation wavelength of laser is 410nm. 
Since AIN layer 22 is used for the embedded layer, the lateral effctive-index difference 
between the portion which pours in current, and the portion which is not poured in becomes 
large with 0.1, and a single transverse-mode oscillation is realized. The reflection factor of an 
end face also of a front and rear ** is 22%. Moreover, loss [ in / in the internal loss of laser 26 / 
5cm-1 and a resonator ] is 20cm-1. Furthermore, threshold current density is 1/5 of the 
threshold current density of 800cm2A/-s and the laser known from before. 
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[0051] Since the laser 26 of this invention uses the embedded layer 22 of AIN, a current 
stricture is easy, a current spread in a p type or a n type clad layer becomes small compared 
with the conventional laser, and, as a result, threshold current density falls. Moreover, since 
dry etching is not used for removing AIN, the internal loss as laser becomes small, and it leads 
to the fall of threshold current density. 

[0052] Moreover, undoping AIN layer 22 is removed to this side of the 500-A-thick p type GaN 
layer 20. The p type GaN layer 21 works as an etching stopping layer. P type AIN layer 20 
remains without removing 1000A. That is, since p type AIN layer 22 has left 1000A correctly, 
the rate of the yield by etching of the laser which realizes a single transverse-mode oscillation 
improves. 

[0053] Though a laser beam becomes a multimode even if the refractive index difference of the 
AIGaN layer 19 and AIN layer 20 is large and makes stripe width of the AIGaN layer 19 small 
by this When AIN layer 20 forms under the AIGaN layer 19, the refractive index difference of 
directly under [ stripe ] and the outside of a stripe can be adjusted so that it may become small, 
and in order to realize the single transverse mode, the tolerance which realizes the single 
transverse mode becomes large that what is necessary is just to optimize AIN layer 20. 
[0054] In addition, the same result is obtained even if it uses the oxide substrate of AI203, 
ZnO, and LiAI02 grade instead of a SiC substrate. Moreover, the same result is obtained even 
if it uses an OFF substrate instead of a substrate just. 

[0055] Moreover, the same result is obtained even if it uses a p type AlxGa1-xN (0<=x<1) layer 
instead of p type AIN layer 20. Moreover, although the potassium hydroxide was used for 
removing AIN, the same result is obtained even if it uses a sodium hydroxide. Furthermore, the 
same result is obtained even if it adopts self aligned structure instead of the structure which 
formed the AIN layer in the both sides of the AIGaN layer 19. Self aligned structure is as 
drawing 1 1 . 

[0056] (Form 3 of operation) It explains using drawing 3 . The process until it laminates the 
undoping GaN light guide layer 32 of a substrate 27 and the opposite side on both sides of the 
Ga0.9ln0.1N active layer 31 from washing by an organic solvent and a pretreatment is the 
same as the form 1 of operation. 

[0057] After laminating the undoping GaN light guide layer 32, the bulb 69 of the gas supply 
line of trimethylgallium is closed. Although the bulbs 70 and 71 of trimethyl aluminum and the 
gas supply line of ammonia are opened, and trimethyl aluminum 8.7sccm, and ammonia 
2.5l./min are passed and not being illustrated, the undoping AIN layer of 1.0 micrometers of 
layer thickness is laminated. 

[0058] After laminating an undoping AIN layer, growth is once ended and a substrate 27 is 

taken out besides a metal organic vapor phase epitaxial growth system. 

[0059] Next, it has a 5-micrometer-wide opening in a substrate 27, and a mask is made it by 
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1000-A-thick Si02, it puts in into the saturated water solution of a potassium hydroxide, and 
heats to 100 degrees C, and it applies for 10 minutes, an undoping AIN layer is removed, and 
an opening is formed in an AIN layer. Then, it rinses with the pure water which is not having 
the substrate 27 which removed the undoping AIN layer of the portion which has not carried 
out the mask ionized, and the organic substance, such as a methanol, washes. 
[0060] After washing the organic substance, the substrate 27 again removed in the undoping 
AIN layer is put in into a reactor 74. The inside of a reactor 74 is filled with hydrogen of 
pressure 70Torr, the n type SiC (0001) substrate 27 is heated to 1090 degrees C at a heater 
67 the whole substrate holder 66 made from carbon in a hydrogen atmosphere, and the 
adsorption gas adhering to the surface, an oxide, a moisture child, etc. are removed. To 1030 
degrees C, lower the temperature of a substrate 27 and Then, trimethylgallium, The bulbs 69, 
70, 71 , and 72 of trimethyl aluminum, ammonia, and the gas supply line of magnesium 
cyclopentadienyl are opened. Trimethylgallium 2.7sccm, trimethyl aluminum 8.7sccm, 
ammonia 2.5 l/min, and magnesium cyclopentadienyl 5.0sccm are passed, and 1.0 
micrometers of p type aluminum0.2Ga0.8N cladding layers 34 are laminated to the opening of 
an AIN layer, and are embedded at it. 

[0061] The substrate 27 of the laser structure 38 which embedded the AIGaN cladding layer 34 
into the AIN layer is taken out besides a reactor 74. To a substrate 27, a mask is carried out by 
1000-A-thick Si02, and it puts in into the saturated water solution of a potassium hydroxide, 
heats to the field to which the 5-micrometer-wide p type aluminum0.2Ga0.8N cladding layer 34 
is laminated to 100 degrees C, it applies to it for 10 minutes, and an undoping AIN layer is 
removed. Then, Si02 mask is removed, it rinses with the pure water which is not having the 
substrate 34 which removed the undoping AIN layer ionized, and the organic substance, such 
as a methanol, washes. Thereby, the structure which the AIGaN cladding layer 34 consisted 
ridge-like of is acquired. The AIN layer used here is not used as a part of laser structure, but is 
used as a dummy film for forming laser structure. 

[0062] [ the substrate 27 which removed again the undoping AIN layer which is a dummy film ] 
after washing the organic substance It puts in into a deposition chamber 80 shortly, the degree 
of vacuum in a deposition chamber 80 is set to 10-10Torr, the n type SiC (0001) substrate 27 
stuck on the molybdenum block 76 is heated to 600 degrees C, and the adsorption gas 
adhering to the surface, an oxide, a moisture child, etc. are removed. 
[0063] Then, the temperature of a substrate 27 is lowered to 300 degrees C, the cell 78 of MgS 
heated by even 800 degrees C is opened, the laser structure 38 which irradiated the substrate 
27 and embedded BIMUFURAKKUSU ** of 5X10-7Torr by undoping MgS35 is manufactured, 
and crystal growth is ended again. A substrate 27 is taken out out of a deposition chamber 80 
after that. 

[0064] Then, it puts in into a reactor 74, only the bulb of the gas supply line of hydrogen is 
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opened, the temperature of the SiC (0001) substrate 27 is set as 700 degrees C in the 
hydrogen atmosphere of pressure 70Torr, an annealing is performed for 1 hour, and 
magnesium which is a p type dopant is activated. The temperature of the SiC (0001) substrate 
27 is returned to room temperature after the end of an annealing, and the SiC (0001) substrate 
27 by which laser structure # was laminated is taken out out of a metal organic vapor phase 
epitaxial growth system. 

[0065] To SiC substrate 27 by which the laser structure 38 was finally laminated, the substrate 
# back is made to vapor-deposit 1000-A-thick nickel/Au37 on the surface of an indium 36 and 
the p type aluminum0.2Ga0.8N cladding layer 34, the cleavage of the substrate 27 is carried 
out to the cavity length of 1mm, and laser 39 is completed. 

[0066] The undoping MgS layer is used for embedding in this example. Since this growth can 
grow temperature at 300 degrees C, it does not have to make growing temperature high 
temperature for embedding, and does not require the heat history for a laser crystal, but can 
prevent deterioration of the quality of a crystal. 

[0067] The property of the above-mentioned laser 39 of this invention is described below. An 
electrical property is described first. The carrier density of a p type and the n type 
aluminum0.2Ga0.8N cladding layers 34 and 29 1x1018-/cm3 and mobility A p type and the n 
type aluminum0.2Ga0.8N cladding layer 34, 29of 10cm of each 2A/-S, It is 250cm2A/-s and a p 
type and the n type clad layers 34 and 29 with small enough resistivity are manufactured. 
Moreover, ohmic contact was realized among p type aluminum0.2Ga0.8N cladding layer 34 
and nickel/Au37, and ohmic contact is further realized also between n type SiC substrate 27 on 
the back and an indium 36. 

[0068] Next, an optical property is described. The oscillation wavelength of laser is 410nm. 
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